e have reviewed 20 patients with stage-IIIB and stage-IV Kienböck's disease in order to examine the efficacy of two forms of radial osteotomy, namely radial wedge osteotomy and radial shortening. Lateral closing wedge osteotomies and radial shortenings were carried out on 11 and nine patients, respectively. There were no preoperative differences with respect to age, gender, and radiological stage.
The aetiology of Kienböck's disease, or lunate malacia, remains unclear. Treatment includes conservative measures and surgical procedures such as excision arthroplasty, [1] [2] [3] radial osteotomy (shortening and wedge resection), [4] [5] [6] [7] [8] [9] [10] limited intercarpal fusions, [11] [12] [13] [14] and vascularised bone grafting. 15 Hulten 16 recognised that there was a positive correlation between Kienböck's disease and negative ulnar variance.
Joint-levelling procedures, either by lengthening the ulna or shortening the radius, are based on this concept. A number of biomechanical and clinical studies have supported jointlevelling procedures as being an effective extra-articular method of unloading the lunate. 4, [6] [7] [8] 10, [17] [18] [19] [20] [21] [22] Tsumura et al, 23, 24 however, described a radial wedge osteotomy which decreased radial inclination, also referred to as a lateral closing osteotomy, as another extra-articular procedure for the treatment of Kienböck's disease, with either negative or positive ulnar variance. Using a two-dimensional rigidbody spring model, they showed that this osteotomy reduced the compressive force on the affected lunate. A satisfactory outcome has been reported after this procedure. 5, 9 Although favourable clinical results have been reported after radial osteotomies, they cannot restore an already collapsed lunate and malrotation of the scaphoid. Therefore the effect of radial osteotomy remains questionable in the treatment of patients with advanced stages of Kienböck's disease. Our aim therefore was to determine whether radial osteotomies, including radial wedge osteotomy and radial shortening, affect Kienböck's disease of stage IIIB and stage IV of Alexander and Lichtman 25 (Table I) , and whether there are differences between the postoperative results of these procedures.
Patients and Methods
Between 1983 and 1999 we treated 20 patients by either radial wedge osteotomy or radial shortening for Kienböck's disease of stage IIIB and stage IV (Table II) . Lateral closing wedge osteotomies of the radius were carried out on 11 patients with ulna-zero or ulna-plus variance (CW group), and radial shortenings were performed on nine patients with ulnar-minus variance (RS group). The right hand was dominant in all patients. There were no significant differences between the groups in terms of age, stage of disease and duration of follow-up. The patients were evaluated clinically and radiologically. Clinical evaluation was based on a modification of the scoring system of Nakamura et al 5 (Table III) in which radiological assessment was excluded. Revascularisation or healing of the diseased lunate and the progression of degenerative changes were determined on standard anteroposterior (AP) and lateral radiographs of the wrist. Any progression of degenerative change was detected by the appearance of a bony spur, joint narrowing or of subchondral bone sclerosis. Healing of the lunate depended on improvement in the sclerotic or cystic changes. Radiological parameters including the radioscaphoid angle, carpal height ratio and Ståhl's index, were also measured. The radioscaphoid angle is the angle between a line drawn along the palmar aspect of the scaphoid from its proximal pole to the tuberosity and the axis of the radius on the lateral radiograph. The carpal height ratio is defined on the AP radiograph as the carpal height divided by the length of the third metacarpal. 2 Ståhl's index uses lateral radiographs to quantify collapse of the lunate. The height of the lunate (proximal-distal dimension) is divided by its diameter (AP dimension). 26 The lateral closing wedge osteotomy reduced the radial inclination of 15° by resecting a radially based wedge and closing the gap. Radial shortening was achieved by making two parallel transverse cuts to remove a segment of bone, the length of which equalled the amount of negative ulnar variance measured on the preoperative radiograph. In both procedures, fixation was provided by a five-or six-hole dynamic compression plate. A below-elbow splint was applied for two weeks.
Statistical comparisons were carried out using paired and unpaired t-tests. Differences were considered to be significant for p < 0.05.
Results
Clinical evaluation. Table IV summarises the clinical outcome at follow-up. In the CW group, six of the 11 patients were free from pain and the remaining five had mild wrist pain on strenuous activity. All patients in the RS group were free from pain in the wrist. In both groups, no patient had pain in the distal radio-ulnar joint or at the site of the osteotomy. The postoperative range of extension and flexion of the wrist significantly increased only in the CW group. The grip strength of the affected side, compared with that of the contralateral unaffected side, improved significantly after both procedures. After lateral closing wedge osteotomy all patients except one were able to resume previous sports and work activities. No statistically significant differences were found in the mean clinical scores of either group. According to the modified criteria of Nakamura et al, 5 a good or excellent outcome was achieved in all patients of both groups. There were six excellent and five good results in the CW group and seven excellent and two good results in the RS group. There were no serious complications after either procedure. Radiological evaluation. In the CW group, the mean radial inclination decreased from 27.3° before to 14.4° after operation. After radial shortening, the mean ulnar variance increased from -0.89 to +1.22 mm. Bony union at the site of the osteotomy was achieved within three months in all patients. Radiological improvement, indicating lunate revascularisation, developed in one patient in the CW group and in four in the RS group (Fig. 1) . Progression of joint narrowing at the radioscaphoid joint was found in two patients in the CW group (Fig. 2) . decreased, but after radial shortening there were no significant changes in any radiological parameter.
Discussion
Although a number of studies have reported acceptable clinical results after radial osteotomies for Kienböck's disease, the outcome of these procedures remains uncertain in the treatment of advanced stages of this disease. [4] [5] [6] [7] [8] [9] [10] Our study showed good or excellent clinical results after both types of radial osteotomy for stage IIIB and stage IV of Kienböck's disease. In addition, we found radiological improvement of the lunate in one patient in the CW group and four patients in the RS group. Degenerative changes at the radioscaphoid joint and progression of scaphoid malrotation were observed only after lateral closing wedge osteotomy. These radiological findings indicate that lateral closing wedge osteotomy does not prevent the radiological progression of advanced Kienböck's disease. The clinical results suggest, however, that both osteotomies are effective in stage IIIB and stage IV of Kienböck's disease. Several experimental studies have suggested that radial shortening can unload the lunate by moving the load towards the distal ulna. 21, 22, 27 Werner et al, 21 using a cadaver model, showed that relative lengthening of the ulna by 2.5 mm transferred the load on the lunate from the radiolunate to the ulnolunate articulation. Horii et al, 27 using a two-dimensional rigid-body spring model, also showed an increased ulnar load after simulating a lengthening of the ulna by 4 mm. Tsumura et al, 23, 24 however, reported that a lateral closing wedge osteotomy reduced the load on the lunate by increasing the load on the radioscaphoid joint without increasing the load on the ulnocarpal space. These biomechanical data indicate that the lateral closing wedge osteotomy shifts the compressive load radially. Our radiological findings also suggest that this osteotomy moves the load from the lunate to the scaphoid. Using CT osteo-absorptiometry, we have shown that the load was moved radially with progression of Kienböck's disease in living subjects. 28 On the basis of these results, there is a relatively high probability of progressive degeneration of the joints adjacent to the scaphoid after a lateral closing wedge osteotomy. The choice of surgical procedure for stage-IIIB Kienböck's disease remains controversial. In Lichtman's radiological classification, stage-IIIB wrists are defined as having gross collapse of the lunate with fixed rotation of the scaphoid. Some biomechanical studies have emphasised that correction of malrotation of the scaphoid is a critical factor in reducing the excessive force on the lunate. 29, 30 Therefore, radial osteotomies, which cannot correct the scaphoid rotation, have been thought to be ineffective for stage-IIIB cases. Condit et al 17 showed that the clinical outcome was not good after radial shortening when the preoperative radioscaphoid angle was greater than 60°. This suggests that malrotation of the scaphoid was a negative predictive factor regarding the outcome of stage-III Kienböck's disease treated by this operation. By contrast, in all four wrists which Weiss et al 10 analysed the clinical and functional results of radial shortening for stage-IIIB cases were excellent, despite the lack of radiological improvement. Our results also showed a major decrease in wrist pain, as well as improved movement of the wrist and grip strength after radial osteotomy. The procedures which we describe are relatively simple, with few postoperative complications. Relief from pain with acceptable functional improvement after radial osteotomy must be advantageous when compared with that achieved after limited intercarpal fusion or proximal row carpectomy.
In spite of radiological progression after lateral closing wedge osteotomies, both radial osteotomies were successful in reducing pain in the wrist and improving function, even in patients with advanced stages of Kienböck's disease. Because of the relatively short follow-up period, degenerative changes at the radioscaphoid joint may develop later without affecting the postoperative clinical result. Since there was only one stage-IV patient in each surgical group, we cannot evaluate the outcome of radial osteotomy for this stage. In our stage-IV patients there were only early generalised degenerative changes in the carpus, and therefore we suggest that radial osteotomy should be carried out only for stage-IV wrists with early changes. A more extensive study is required. In spite of the significant limitations mentioned above, our study has shown the effectiveness of radial osteotomy for the treatment of patients with advanced Kienböck's disease.
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